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Introduction Endodontic therapy can be thought of as a tripod with three basic phases; Diagnostic, Preparatory and Obturation phase. Success is achieved only when each phase is duly respected. Proper debridement of the contaminated root canal system is paramount as a pre-condition for successful treatment. To accomplish this task, not only must cleaning take place, but proper canal shaping must occur to eliminate the irregularities that may harbor debris and microbes. The final stage of endodontic treatment is the Obturation phase. Total obliteration of the canal space and perfect sealing of the apical foramen at the dentin cementum junction and accessory canals at locations other than the root apex with an inert, dimensionally stable and biologically compatible material are the goals for success. The Washington study of endodontic success and failure suggests percolation of periradicular exudates into the incompletely filled canal as the greatest cause of failure, contributing to 60% of the cases studied.
The endodontic instrumentation produces a microscopic layer of debris on the canal surface. This is called the 'Smear Layer'. This may interfere with adhesion and penetration of root canal sealers by acting as an intermediate physical barrier. The removal of the smear layer may help to provide a 3-dimensional obturation of the root canal system and reduce leakage. Studies done on the various methods to remove the 1 smear layer indicated EDTA and its formulations produced smoother and cleaner canal surface. Rickert (1925) proposed the use of cement as a sealer in conjunction with gutta percha to achieve a hermetic seal. The sealer is needed to fill in the minor irregularities and discrepancies between the filling and the canal walls. Sealers can be broadly classified into formulations based on Zinc oxide Eugenol and those not containing Zinc oxide. Research on dye penetration of root canal treated teeth has proved that the use of sealers improved the quality of seal during obturation.
Microleakage either from the coronal or apical direction may adversely affect the success of endodontic treatment. In restorative dentistry, extensive studies have been done on the use of dentin bonding agents and their superior sealing ability. They have also been used in endodontics as a root canal sealer. AH26 is an epoxy resin sealer and studies have been done on its sealing ability. Combinations of dentin bonding agents and epoxy resin sealers have also been used in conjunction with gutta percha during obturation.
This study evaluated the sealing efficacy of a dentin-bonding agent when used as a root canal sealer along with AH26, an epoxy resin sealer. The effect of the smear layer on their sealing ability was also evaluated. Over the years, the improvements in obturating materials, sealers and dentin bonding agents coupled with the added knowledge in smear layer chemistry has made endodontic treatment more predictable. The paucity of studies using dentin-bonding agents with epoxy resins as sealers over the years has increased the relevance of this study. 
Materials and Methods

Group I: (n=15)
64 extracted human maxillary anterior teeth were obtained. Teeth showing anatomical variations like dilacerations, aberrant canal anatomy, root resorption and root caries were excluded from the study. Surface deposits on the teeth were removed with an ultrasonic scaler (Satelec, France) and the teeth were stored in 5.25% Sodium Hypochlorite (Amrut Industrial Products, Thane, India) for one week. They were then removed, washed with water and stored in normal saline. The crowns of the teeth were sectioned at the cemento enamel junction with a tapered fissure diamond point (Mani, Japan) in a high-speed handpiece under water spray.
A #10 K File (Mani, Japan) was introduced into the canal to establish the patency. Remaining pulp tissue was removed with a barbed broach (Maillefer Dentsply, USA). A #15 K File (Mani, Japan) was introduced into the canal till the tip of the file just protruded from the apical foramen. This length was measured. The working length was taken as 1mm shorter than the measured length. The bio-mechanical preparation was done with #15, 20 and 25 K Files (Mani, Japan) to the working length. Each file was followed by irrigation with 2ml of 5.25% Sodium Hypochlorite. Frequent recapitulation was done to maintain the patency of the canal. All the specimens were held in moist gauze while they were being instrumented to avoid dehydrating the specimen. After apical preparation was completed till #25 K File, Step Back method was used to enlarge the canal with #30, 35 and 40 K Files, with the successive files shorter than the working length by 1mm respectively.
Coronal flaring was done with Gates Glidden drills nos. 1,2,3 (Mani, Japan). Final irrigation was done with 10ml of 5.25% Sodium Hypochlorite. The canal was dried with paper points (Dentsply, USA). The 60 instrumented specimens were then randomly divided into four groups of 15 each. Two specimens were taken as positive controls and two were the negative controls. The positive controls were instrumented in the same manner using standard techniques as the other specimens. The negative controls were not instrumented.
In the four groups, the first two (Groups A,B) were considered for obturation without removing the smear layer and the other two (Groups C,D) were considered for obturation after removing the smear layer.
The instrumented specimens were taken. The master cone was selected using standard norms. The sealer, AH26 (Detrey, Dentsply, USA) was mixed according to the manufacturer's instructions. The sealer was applied to the canal using a #25 K Reamer (Mani, Japan). Obturation was completed with gutta percha points using the lateral condensation method.
The instrumented specimens were taken. The master cone was selected using standard norms. The chemically cured bonding agent (Polibond, Voco Dental Products, Cuxhaven, Germany) was taken and mixed according to the manufacturer's instructions. The canal was coated with the bonding agent using the master cone in a pumping motion. The master cone was then removed. The sealer AH26 was mixed and placed in the canal using a #25 K Reamer. The canal was obturated with gutta percha points using the lateral condensation method.
The apical foramen of the teeth to be treated with 17% EDTA were closed with modeling wax (Shiva Products, Mumbai) to prevent the escape of the solution. The EDTA (Dentwash, Prime Dental Products, Mumbai) was placed in the canal using a 2ml syringe (Dispovan, India) and needle till it comes upto the coronal level of the sectioned specimen. The specimens are left undisturbed for 15 min. It is later flushed with saline (0.9% w/v, Core Healthcare Ltd., India) and dried with paper points (Dentsply, USA). The wax is removed.
The pre-treatment of the specimens was done using EDTA. Using AH26 sealer, the canal was obturated with gutta percha points using the lateral condensation method.
The pre-treatment of the specimens was done using EDTA. The chemically cured bonding agent Polibond was mixed and coated in the canal with the master gutta percha point in a pumping motion. The master cone was removed, sealerAH26 was coated in the canal and the obturation was completed with gutta percha points using a lateral condensation method.
In all the specimens, coronal 3-4mm of gutta percha was removed with a hot burnisher and the cavity filled with conventional Glass Ionomer Cement (Ionofil Y, Voco Dental Products, Cuxhaven, Germany). The specimens were stored for 24 hours. Then the specimens were coated with three coats of clear nail varnish, leaving time for each coat to dry completely before applying the next coat. The apical 3mm of the tooth was left uncoated to allow for dye penetration. under running water for 20 minutes. The nail varnish was scraped off with #11 scalpel blade (Bard Parker, Surgivan, India). Two longitudinal grooves were made with a carborundum disc along the mesial and distal sides of the root, taking care to see that the canal space is not disturbed. The specimens were then sectioned using a chisel and mallet.
The sectioned specimens were taken and the obturated gutta percha along with the sealer and the Glass Ionomer Cement was removed with an explorer. The specimens were mounted on a stand and the coronal extent of dye penetration was measured using a stereo microscope (Wild, Heerbrugg, Switzerland). All measurements were made to the nearest 0.1mm. Both sections were removed and the higher value was taken. The measurements were made at a magnification of 6x and the calibration was done according to the formula: 1 division=3/20mm. The length of dye penetration was calculated in mm using the formula and coronal extent of dye penetration was measured. All measurements were made by one operator, the results tabulated and statistical analysis done.
Measurement of the dye penetration Results
Table1: No. of specimens in each leakage interval in GroupA(n=15=100%) Sealing ability of dentin bonding agent and epoxy resin as sealer -Srinidhi SR toward obtaining total debridement and complete patency of the complex root canal system will facilitate its successful sealing three dimensionally. Cleaning refers to the removal of all contents of the canal system, namely, organic substrates, microflora, bacterial by-products, caries, denticles, pulp stones, dense collagen, previous canal filling material and dentin chips resulting from canal preparation. Shaping refers to a proper canal form with specific design objectives.
The canals are routinely prepared in combination with various chemicals like irrigants and intra canal medicaments. Availability of newer, better-equipped instruments and techniques has made it possible for the clinician to negotiate most of the canals successfully. The success of the endodontic treatment depends on the quality of the apical seal achieved. Various factors may be responsible for failure to achieve fluid tight seal, smear layer being one of them. During the instrumentation of the canal, a thin layer of debris called 'Smear Layer' is always formed on the surface. It primarily consists of inorganic particles of calcified tissue. It is also thought to contain some organic material including necrotic pulp tissue, odontoblastic processes, bacteria and blood cells. The thickness of the layer varies from 1-2 . The depth of the tubule packing also varies and has been shown to be as much as 40 .
Researchers have found that the smear layer is subject to separation from the canal walls due to its loosely adherent nature. If apical leakage occurs, the loss of this smear layer will provide an easy ingress for fluid and bacteria. The layer may interfere with the adaptation of plastic filling materials by imposing an additional interface. Studies have been carried out using various agents like organic acids namely lactic acid, citric acid, phosphoric acid, 20% polyacrylic acid and Sodium Hypochlorite. Studies by Goldman , Bystrom and Sundqvist have shown the efficacy of 5.25% Sodium Hypochlorite in removing the smear layer. EDTA (Ethylene Diamine Tetra-acetic Acid), a chelating agent was introduced by Nygaard-Ostby (1975) . Studies have shown the efficacy of combining Sodium Hypochlorite and EDTA as an irrigating solution and in removing the smear layer. In this study, 5.25% Sodium Hypochlorite with 17% EDTA was selected. The smear layer was removed using 17% EDTA in Groups III and IV. The time for which it was placed in the canal was 15 mins, as confirmed by studies.
1. Fill in irregularities and minor discrepancies between the filling and the canal walls. In the search for the perfect canal sealer, new fields have been studied like resin chemistry which is being used successfully in restorative dentistry. However, there are certain obstacles to be overcome: 1. Preparation of dentin to remove the smear layer. As discussed, 17% EDTA along with 5.25% Sodium Hypochlorite has been used here for this purpose. 2. Radiopacity-this has been overcome by the use of an epoxy resin sealer AH26 along with the dentin-bonding agent. 3. Placement of the bonding agent-studies by Omar Zidan and El Deeb, Zidan, Al Khatib and Gomez Marin have recommended coating the bonding agent in the canal with the help of master gutta percha point. The same method was employed here. 4. Removal in the event of failure-as these bonding agents polymerize hard, it is better to use it with a solid core filling material like gutta percha. In the event of endodontic failure, this core can be removed and the polymerized bonding agent can be removed by further biomechanical preparation.
Studies that have used dentin-bonding agents as a root canal sealer are numerous. In this study, a chemically cured bonding agent Polibond was used along with AH26 as a canal sealer. This agent is supplied in the form of two liquids mixed in 1:1 ratio. It contains a phosphorous ester of Bis GMA, a diluent resin and Benzoyl Peroxide. A bond is formed with the reaction between the Ca ions from the dentin and the active phosphorous ester. The manufacturers recommend removal of the smear layer prior to placement of Polibond to improve its adhesion. 17% EDTA along with 5.25% Sodium Hypochlorite has been used here for this purpose. The use of a canal sealer along with the dentin-bonding agent is recommended for the formation of a tertiary monoblock in the root (dentin+ bonding agent+ sealer+ gutta percha).
To evaluate the apical seal, various methods have been employed like dye penetration method, electrochemical method, radio active materials, penetration of motile bacteria. This study used 2% Methylene Blue dye (with pH buffered to 7) to estimate the quality of apical seal. Studies that have employed this dye for estimating the extent of dye penetration have recommended immersing the teeth for 72 hours. Dye penetration was estimated by using Stereo Microscope at 6x magnification. Here, the slightest color intensity was defined as penetration. This is because the bacteria do not principally cause the inflammation in the apical area themselves, but by their byproducts and endotoxins.
Group A had the most dye penetration among all the four groups studied. This can be attributed to the presence of smear layer that interferes with the adhesion of AH26 to the canal walls . The measurements in Group C showed lesser dye penetration . This showed the removal of smear layer improved adhesion of AH26 to the dentin Group B and D compared the effect of smear layer on dentin bonding agent and AH26 used as sealers. In Group B, the smear layer was left intact . The bonding agent showed improved sealing ability by having 53% specimens in the 0.5-1mm penetration range . In Group D, 67% specimens in the 0-0.5mm dye penetration range showed the effect of smear layer removal . Also, 4 specimens had zero leakage. Group D was significantly better than Group B in terms of sealing ability . From the results, it is seen that the quality of sealing the root (Fig. 4) canal was significantly better when the smear layer is removed and Polibond was used along with AH26 as sealer. The specimens in the positive control group showed dye penetration throughout the length of the canal . This confirmed that gutta percha should be used with a sealer. There was no dye penetration in the negative controls that confirmed the ability of the varnish to prevent dye penetration. The chemically cured bonding agent used in this study i.e. Sealing ability of dentin bonding agent and epoxy resin as sealer -Srinidhi SR Polibond has been superseded by a later version, Futurabond (Voco Dental Products, Cuxhaven, Germany). The studies reported over the years using dentin bonding agents and an epoxy resin sealer with gutta percha to achieve a tertiary monoblock effect are rare. Even though newer materials have evolved for obturation of the root canal, this study holds validity for the fact that it uses readily available materials like gutta percha, AH26 and chemically cured dentin bonding agents to achieve a predictable seal at the apex during endodontic treatment.
The lack of chemical bond with the conventional seal emphasizes the fact that the borders of the obturated canals are not inert and leak proof as the clinician would like to think, but rather contain a busy exchange of ions, molecules, bacteria and their toxins. Use of dentin bonding agent along with sealer to achieve improved means of adhesive bonding would seal the residual volume between gutta percha and the canal wall. The role of the smear layer and its role in apical leakage are shown to be statistically significant. Use of a chemically cured dentin-bonding agent Polibond along with AH26 as a canal sealer showed significantly less apical leakage when the smear layer was removed before obturation.
Conclusion
